We initiated the present study to identify new genes associated with colorectal cancer. In a previously published microarray study an EST (W80763), later identified as the gene hFKBP10 (NM_021939), was found to be strongly expressed in tumors while absent in the normal mucosa. Here we describe this gene hFKBP10 together with its encoded protein hFKBP65 as a novel marker associated with colorectal cancer. Analysis of 31 colorectal adenocarcinomas and 14 normal colorectal mucosa by RealTime PCR for hFKBP10 showed a significant up-regulation in tumors, when compared with normal mucosa. Immunohistochemical analysis of 26 adenocarcinomas and matching normal mucosa, as well as benign hyperplastic polyps and adenomas, using a monoclonal antihFKBP65 antibody, showed that the protein was not present in normal colorectal epithelial cells, but strongly expressed in the tumor cells of colorectal cancer. The protein was also expressed in fibroblasts of both normal mucosa and tumor tissue. Western blot analysis of matched tumors and normal mucosa supported the finding of increased hFKBP65 expression in tumors compared with normal mucosa, in addition to identifying the molecular mass of hFKBP65 to ϳ72 kDa. Cellular localization and glycosylation studies revealed the hFKBP65 protein to be localized in the endoplasmic reticulum, and to be N-glycosylated. In conclusion, the protein hFKBP65 is associated with colorectal cancer, and we hypothesize the protein to be involved in fibroblast and transformed epithelial cell-specific protein synthesis in the endoplasmic reticulum. Molecular & Cellular Proteomics 4:534 -544, 2005.
Despite progresses made during the last decades, sporadic colorectal cancer remains one of the most frequent neoplasias in the Western world. Approximately 50% of patients diagnosed with colorectal cancer die within 5 years from diagnosis (1); however, an early diagnosis will improve the patients' chance of survival dramatically. Multiple genetic alterations are necessary to develop colorectal cancer (2) , but very few colorectal cancers have gone through the exact same series of alterations. Furthermore, recent studies have shown a differential gene expression between the proximal and the distal colon (3, 4) , which means that the localization of a tumor within the colon also has to be taken into account when investigating this disease. Altogether, new models based on a deeper molecular understanding of the disease are required to improve screening, diagnosis, treatment, and, ultimately, survival.
In a previous study (5), we identified a subset of genes and ESTs up-or down-regulated in the four different stages of colorectal cancer (Dukes stages A, B, C, and D) as compared with normal colorectal mucosa (N). The expression of especially one EST (W80763), later identified as the gene hFKBP10 (NM_021939), seemed to be a potentially good marker for colorectal cancer. The gene was not expressed in normal colorectal mucosa and highly expressed in all four Dukes stages. hFKBP10 is a member of the large gene family of immunophilins, comprised of two structurally unrelated subgroups defined by the proteins ability to bind either FK506 (the FK506-binding proteins (FKBPs) 1 ) or cyclosporin A (the cyclophilins). The gene hFKBP10 (human FK506-binding protein number 10) encodes a predicted 65-kDa protein named hFKBP65, containing four peptidyl prolyl cis/trans isomerase domains (PPIase domains), an endoplasmic reticulum (ER) target sequence, and a putative ER retention signal (6, 7) . The mouse homologue of hFKBP65, mFKBP65, has been associated with two different pathways in mice, either being associated with the chaperone Hsp90 and the serine kinase cRaf-1 in the cytoplasm (8) or, alternatively, being associated with the extracellular matrix protein tropoelastin in the ER (9) . Coss et al. described the mFKBP65 protein to be both a glycoprotein and a phosphoprotein (10) , and later Patterson et al. located the mouse protein to the ER by immunofluorescent microscopy (11) . The mFKBP10 and hFKBP10 are very similar: 84% similar on the nucleotide level and 89% at the amino acid level (6) , with almost identical sizes except for one additional amino acid in hFKBP65 . To our knowledge, no functional studies have been made on the hFKBP10 or the protein (hFKBP65) encoded by the gene, and neither gene nor protein have been found associated with any form of cancer until now.
The aim of the present study was to investigate this gene and its protein further, through analysis of mRNA expression and protein levels in tissue samples. Semiquantitative realtime PCR confirmed up-regulation of hFKBP10 mRNA in tumors compared with normal mucosa in a set of 48 samples, independent of the samples earlier investigated by us (5) . Western blot analysis of tissue lysates from colorectal adenocarcinomas and normal colon mucosa as well as cell lysates from COS7 cells overexpressing the protein confirmed an approximate molecular mass of 72 kDa. Immunohistochemistry (IHC) applied to 26 adenocarcinomas and their matching normal mucosa using paraffin specimens confirmed the de novo synthesis of the protein in tumor cells and suggests a localization in the ER, thereby supporting previous findings in mice (9, 11) . Cellular localization studies further confirmed the ER localization by immunofluorescent microscopy. In addition, glycosylation studies found the protein to be N-glycosylated. The protein was consistently expressed in fibroblasts in both normal and tumor tissue. The expression of the protein could also be detected in the very early colorectal lesions, comprising benign hyperplastic polyps and benign adenomas. hFKBP65 was found to be absent in normal mucosa of the digestive tract except from an expression in single isolated crypts. This suggests that hFKBP65 is associated with the very early changes in epithelial cells en route to cancer, and colorectal cancer in general.
EXPERIMENTAL PROCEDURES
Cloning of hFKBP10 -A full-length cDNA sequence was retrieved by BLASTing the target sequence from the 35K chip (Probe RC_W80763_at, sub_B). Primers were designed containing the start and stop codon of the gene (NM_021939) (forward, CAACTCCAGG-CACCATGTTCCCCGC; reverse, TCAGAGCTCCTCGTGGACCCGC-TCC). The PCR product was inserted into the pCR®3.1 vector using the Eukaryotic TA Expression Kit, Bidirectional (Invitrogen Corp., Carlsbad, CA).
Transient Expression of hFKBP65 in COS7 Cells and Tunicamycin Treatment-The vector containing the hFKBP10 sequence was transfected into COS7 cells using the Fugene 6 Transfection Reagent (Roche Diagnostics Corp., Indianapolis, IN) or Amaxa Nucleofector System (Amaxa Biosystems, Cologne, DE) following the manufacturers instructions. Tunicamycin (1 g/ml) was added to the cells 6 h posttransfection.
Immunofluorescence Microscopy-COS7 cells transfected with the hFKBP10 vector were fixed using cold methanol (Ϫ20°C), then stained using the following antibodies: monoclonal antibody (mAb) mouse anti-FKBP65 (1:50; BD Biosciences, Franklin Lakes, NJ), mAb mouse anti-58k (1:50; Abcam Ltd., Cambridge, United Kingdom), or polyclonal antibody rabbit anti-calreticulin (1:50; NB 600-101 Novus Biologicals, USA). The secondary antibodies were either AlexaFlour 488 goat anti-rabbit IgG highly cross-adsorbed (1:2,000; Molecular Probes Inc., Eugene, OR) or AlexaFlour 546 goat anti-mouse IgG 1 (1:600; Molecular Probes Inc.). Mounting was done with Fluorescence Mounting Medium from DakoCytomation (Carpinteria, CA), and the cells were inspected on a Leica DMRS confocal microscope as described previously (12) . Fluorescent images were layered by ImageJ software (rsb.info.nih.gov/ij/download.html).
Tissue Samples and Patient Information-Samples from the cecum (referred to as proximal colon) and the sigmoid, rectosigmoid, or rectum (referred to as distal colon) were obtained fresh from surgery, and immediately transferred to a solution containing SDS and guanidinium isothiocyanate, snap frozen in liquid nitrogen, and stored at Ϫ80°C for later RNA extraction. Samples for immunohistochemistry were obtained as paraffin-embedded specimens. Samples for protein extraction were embedded in Tissue tek (Sakura Finetek Europe BV, Zoeterwoude, NL) and frozen in liquid nitrogen directly from surgery. Samples consisted of biopsies from the superficial nonnecrotic part of adenocarcinomas and/or normal mucosa biopsies taken from the macroscopically normal resection margin (Tables I and II RNA Purification-Total RNA was isolated from ϳ50 mg of single tissue samples using Trizol (Invitrogen Corp.) as previously described (3). RNA quality was determined by measurements of OD and analysis on an agarose gel.
Semiquantitative Real-Time RT-PCR-Semiquantitative Real-Time RT-PCR (Real-Time PCR) was performed on 22 distal tumors, 6 distal normal mucosa (nonmatching), 7 proximal tumors, and 7 matching normal mucosa. The analysis was carried out as described previously (3) with the primers forward, GGAGAATGGAACTGGAGACAAGA; reverse, GAAGTCAATGACATGGACGTTGAA. All samples were normalized as described previously (3), but normalized to UBC and TPT1, as selected in Andersen et al. (13) .
Statistical Analysis of Real-Time PCR-The paired data from matched samples from proximal colon were analyzed using a Wilcoxon signed rank test, and the unpaired data from the distal colon samples were analyzed using a Wilcoxon rank sum test. All data were log-transformed before analysis.
Immunohistochemistry-Immunostaining was performed on paraffin-embedded tissue from 26 colorectal adenocarcinomas of Dukes A-D from the proximal and distal colon, as well as on matching normal mucosa from the resection edge. In addition, the antibody was applied to benign hyperplastic polyps, benign tubular or tubulo-villous adenomas, additional malignant primary adenocarcinomas, as well as paraffin-embedded endoscopic biopsies from the esophagus, the gastric ventricle, the small intestine, and the appendix. Four-micrometer formalin-fixed and paraffin-embedded sections were stained as previously described (3), with monoclonal mouse anti-FKBP65 diluted 1:500 (BD Biosciences).
SDS-PAGE and Western Blotting Analyses-Western blot analysis was performed on a set of six tumors (three distal and three proximal) and matching normal tissue from the resection edge. ) and transferred to a PVDF-plus membrane. The hFKBP65 protein was detected using the monoclonal mouse anti-FKBP65 diluted 1:750 (BD Biosciences) and followed by the secondary horseradish peroxidase-conjugated goat anti-mouse IgG diluted 1:10,000 (DakoCytomation). The ␤-actin protein was detected using mAb anti-␤-actin (Sigma-Aldrich Corp., St. Louis, MO) diluted to 0.05 g/ml. The immunoreactive bands were visualized with ECLPlus Western Blotting Detection System (Amersham Biosciences Europe GmbH, Freiburg, Germany).
Two-dimensional (2D) Electrophoresis and
Blotting-2D electrophoresis was performed as described previously (14) , and the proteins were blotted onto a nitrocellulose membrane. Western blot was done with mAb mouse anti-FKBP65 (1:500; BD Biosciences). The immunoreactive spots were visualized with ECL Western Blotting Detection System (Amersham Biosciences Europe GmbH).
Prediction of Signal and Target Sequences in the hFKBP10
Gene-To predict cellular localization of the hFKBP65 protein, the protein sequence (NP_068758) was submitted to both SignalP (v.3.0; www.cbs.dtu.dk/services/SignalP/) and TargetP (v.1.01; www.cbs. dtu.dk/services/TargetP/), two protein sorting prediction servers from the Center for Biological Sequence Analysis, Technical University of Denmark, Copenhagen, Denmark.
Prediction of pI, Mw, and Glycosylation Sites in hFKBP65-The protein sequence of hFKBP65 (NP_068758) was submitted to ExPASys "Compute pI/Mw tool" (at www.expasy.org/tools/pi_tool.html) to get a predicted pI and Mw for hFKBP65. In addition, the protein sequence of hFKBP65 (NP_068758) was submitted to the NetNGlyc Server (v. 1.0; www.cbs.dtu.dk/services/NetNGlyc/) and the NetOGlyc Server (v.3.1; www.cbs.dtu.dk/services/NetOGlyc/), two glycosylation site prediction servers from the Center for Biological Sequence Analysis.
RESULTS
hFKBP10 Is Up-regulated in Colorectal Adenocarcinomas-Real-Time PCR was performed on 45 samples, both distal tumors and normal mucosa (nonpaired samples), and proximal tumors and normal mucosa (paired samples) (Tables  I and II) . Real-Time PCR analysis showed that the expression of hFKBP10 was up-regulated in most adenocarcinomas when compared with normal mucosa, both in proximal and distal colon (Fig. 1) . Wilcoxon signed rank test yielded a p value of p ϭ 0.036 when comparing hFKBP10 expression in the proximal tumors to the proximal normal mucosa, and p ϭ 0.014 when comparing distal tumors to distal normal mucosa (Wilcoxon rank sum test), giving a significant difference in hFKBP10 expression between normal mucosa and colorectal tumors.
The Level of hFKBP65 Is Increased in Colorectal Adenocarcinomas-IHC was applied to 52 paraffin-embedded tissue sections of colorectal adenocarcinomas and normal mucosa (paired samples), also containing the samples analyzed by Real-Time PCR (Tables I and II) . We identified stained malignant tumor cells (ϳ100%) in all four stages of colorectal cancer (Dukes A, B, C, and D), covering both proximal and distal tumors (Fig. 2 , selected specimens; Supplementary  Figs. 1 and 2 ). Inter-tumoral differences in staining were observed, while no major differences were observed within the individual tumor specimens. The staining was localized outside the nucleus, possibly in the ER (Fig. 2, B and C) . No staining of epithelial cells was present in normal mucosa ( Fig.  2A) , documenting an increased level of hFKBP65 protein (de novo synthesis) in the cancer cells compared with the normal epithelial cells. Staining of stromal fibroblasts was present in both normal mucosa and tumor tissue. The stained fibroblasts in normal mucosa were few and scattered, although more fibroblasts were stained in proximal colon than in distal colon tissue. Assuming that the majority of fibroblasts were stained, more fibroblasts were present in the tumor tissue than in the normal mucosa. Staining of fibroblasts and colon epithelial cells/tumor cells are summarized in Tables I and II . Staining of each sample is scored as being "no staining," "low staining," "medium staining," "high staining," or "ND" as not determined. A, B, C, or D) .
c Location of samples in the colon (7-9 sigmoid; 10, rectosigmoid; 11, rectum). d T0, noninvasive; T1-T4, invasive tumors (T1, submucosa; T2, tunica muscularis; T3, subserosa; T4, peritoneum or other organs). N0, no malignant lymphnodes; N1, 1-3 lymphnode metastases; N2, Ͼ4 lymphnode metastases; N3, metastatic apical node (marked by surgeon). M0, no distant metastases; M1, distant metastasis (in e.g. liver or lung). ¤ denotes mucinous adenocarcinoma, no ¤ denotes an adenocarcinoma. TNM given for normal samples refers to the corresponding tumor sample.
e Predominant histologiocal differentiation grade (1, high; 2, moderate; 3, low).
f An x denotes that Real-Time PCR (QPCR) analysis is performed on these samples. g An x denotes that Western blot analysis has been performed on these samples. h Primary tumor characterized as Dukes C, control CT-scan after 3-12 months showed development of distant metastases.
hFKBP65 Is Expressed in Early Lesions of the Colon-IHC was applied to a set of paraffin-embedded specimens consisting of malignant primary adenocarcinomas and benign hyperplastic polyps, benign tubular adenomas, or tubulo-villous adenomas from the same patient (Table III) . Benign hyperplastic polyps as well as adenomas were found to have increased levels of hFKBP65 protein when compared with normal colorectal mucosa (Fig. 3 , selected specimens; Sup- 
B and C, tumors Dukes B and C).
c Location of samples in the colon (1, cecum). d T0, noninvasive; T1-T4, invasive tumors (T1, submucosa; T2, tunica muscularis; T3, subserosa; T4, peritoneum or other organs). N0, no malignant lymphnodes; N1, 1-3 lymphnode metastases; N2, Ͼ4 lymphnode metastases; N3, metastatic apical node (marked by surgeon). M0, no distant metastases; M1, distant metastasis (in e.g. liver or lung). ¤ denotes mucinous adenocarcinoma, no ¤ denotes an adenocarcinoma. TNM given for normal samples refers to the corresponding tumor sample.
e Predominant histological differentiation grade (1, high; 2, moderate; 3, low).
f An x denotes that Real-Time PCR (QPCR) analysis is performed on these samples. g Primary tumor characterized as Dukes C, control CT-scan after 3-12 months showed development of distant metastases. hFKBP65 and Colorectal Cancer plemental Fig. 3 ). Expression in hyperplastic polyps was detected in fibroblasts and in the epithelial-derived cells (Fig. 3C,  arrows) . Tubular and tubulo-villous adenomas also showed staining of fibroblasts and epithelial-derived cells (summarized in Table III) (Fig. 3A) .
hFKBP65 Is Not Expressed in Normal Mucosa of the Gastrointestinal Tract-To answer the question whether hFKBP65 expression is expressed at other locations within the digestive tract in addition to the studies on the proximal and the distal colon, we performed immunostainings of paraffin-embedded endoscopic biopsies from the esophagus, the gastric ventricle, the small intestine, and the appendix (Supplemental Table  I ). There was no staining for hFKBP65 in the squamous cell epithelium of the esophagus (Supplementary Fig. 4A ). Staining was also consistently absent in columnar epithelium of the normal mucosa of the gastric ventricle (e.g. in cardia, antrum, and fundus; Supplemental Fig. 4, B-D) , in the small intestine epithelium (Supplemental Fig. 4E ), the appendix epithelium (Supplemental Fig. 4F ), in the proximal colon epithelium, and the distal colon epithelium (comprising sigmoid, rectosigmoid, and rectum; Fig. 2) . Staining of other cells was detected in the mucosa: stromal fibroblasts, as were found in the normal mucosa of the colon, and lymphocytes were weakly stained. Focal staining for hFKBP65 comprising only a single crypt was found in normal mucosa, e.g. in normal mucosa of the proximal colon (Supplemental Fig. 4G ), while no apparent hyperplasia was detected.
Western Blot Reveals the Mw of hFKBP65 to Be ϳ72 kDaWestern blot analysis was performed on a set of six adenocarcinomas and their matching normal mucosas (Table I) . ␤-actin staining revealed equal amount of protein in the lanes (Fig. 4) . A positive control (hFKBP65 overexpressed in COS7 cells) was run in the SDS-PAGE, and the protein in this sample was detected at ϳ72 kDa. The normal mucosa shows almost no detectable hFKBP65 protein, whereas all of the six tumor samples show expression of the protein. d Location of primary adenocarcinoma in the colon (1, cecum; 2, ascending; 5, sigmoid; 6, rectosidmoid; 7, rectum). e T0, noninvasive; T1-T4, invasive tumors (T1, submucosa; T2, tunica muscularis; T3, subserosa; T4, peritoneum or other organs). N0, no malignant lymphnodes; N1, 1-3 lymphnode metastases; N2, Ͼ4 lymphnode metastases; N3, metastatic apical node (marked by surgeon). M0, no distant metastases; M1, distant metastasis (in e.g. liver or lung).
f Predominant histologiocal differentiation grade (1, high; 2, moderate; 3, low). g HP, hyperplastic polyp; TA, tubular adenoma; TVA, tubular villous adenoma.
hFKBP65 and Colorectal Cancer
from tumor extracts is in concordance with the control protein derived from overexpression in COS7 cells. Only the hFKBP65 protein is detected on the Western blot, showing the mAb as specific for FKBP65. Two bands are visible in the lane with protein from COS7 cells, possibly indicating a glycosylated, nonphosphorylated form (ϳ68 kDa) of the hFKBP65 protein, and a glycosylated, phosphorylated form (ϳ72 kDa) of the protein, as reported for the mouse homologue mFKBP65 (10) .
No Apparent Splice Variants of hFKBP10 -When cloning the hFKBP10 gene through PCR on cDNA, only one band appeared on an agarose gel (Fig. 5) , indicating no alternative splice variants with the same start and stop codons as the cloned cDNA sequence.
hFKBP65 Is Localized in the ER of Transfected COS7 Cells-COS7 cells transfected with hFKBP10 were immunostained with a combination of anti-FKBP65/anti-calreticulin or anti-calreticulin/anti-58k, followed by fluorescent secondary antibodies. Calreticulin is a protein located in the ER (15), while 58k is localized to the Golgi compartments (16) . The staining of COS7 cells with a combination of antibodies against these two proteins revealed that ER and Golgi are not overlapping to any great extend in the COS7 cells investigated (Fig. 5, A-C) . When staining the COS7 cells with a combination of antibodies against hFKBP65 and calreticulin it is clearly visible that hFKBP65 is co-localized with the calreticulin antibody in ER (Fig. 5, D-F) . A z-stack taken through a COS7 cell stained with these two antibodies show that the two proteins co-localize through the entire cell (Fig. 5, G-L) . These results correlate very well to the predicted location of hFKBP65, using SignalP and TargetP protein sorting prediction servers (Center for Biological Sequence Analysis, Technical University of Denmark, Copenhagen, Denmark). These two servers predicted that the hFKBP65 protein contains a N-terminal 26-aa signal peptide, targeting the protein to the ER (17, 18) . In addition, the protein was predicted to contain a modified C-terminal ER retention amino acid signal (HEEL) (7, 19) .
hFKBP65 Is Glycosylated When Expressed in COS7 Cells-COS7 cells transfected with hFKBP10 were subjected to treatment with tunicamycin. This drug inhibits N-glycosylation of proteins in the cell (20) . A clear band-shift was seen when cell lysates from the tunicamycin-treated cells were analyzed by Western blot along with cell lysates from nontreated cells (Fig. 7) . The Mw of hFKBP65 from the nontreated cells was ϳ72 kDa, while hFKBP65 from treated cells had a Mw of ϳ58 kDa. When submitting the protein sequence of hFKBP65 to the NetNGlyc Server and the NetOGlyc Server, hFKBP65 was predicted to contain no O-glycosylation sites but three Nglycosylation sites (21) . N-glycosylation adds ϳ2-3 kDa per N-glycosylation to the Mw of a protein. Hence the shift of ϳ10 kDa of the tunicamycin-treated hFKBP65 corresponds to glycosylation of the three predicted N-glycosylation sites.
2D Blots-A colorectal adenocarcinoma Dukes C and corresponding normal mucosa was analyzed by 2D electrophoresis and subsequent Western blotting for hFKBP65. Two spots were visible on the blots from both tumor and normal tissue (Fig. 8) , with different Mw and pI. Mw and pI of the upper left spot corresponds approximately to the predicted values from ExPASys "Compute pI/Mw tool" when submitting the hFKBP65 protein sequence: predicted pI ϭ pH 5.36, predicted Mw ϭ 64.3 kDa. The lower right spot had a lower pI (pH 4.5) and a lower Mw (46 kDa) (possible degradation product of hFKBP65). The upper left spot seemed to contain more protein compared with the lower right spot, both in the adenocarcinoma and the normal mucosa.
DISCUSSION
The aim of the present study was to investigate hFKBP10 and its encoded protein hFKBP65, previously identified as a colon tumor-associated EST through microarray expression analysis (5) . We used a transcriptomic and proteomic approach to identify and characterize this molecule. It is an example of how global gene expression profiling can be used Real-time PCR analysis of human distal colorectal samples confirmed the previously described pattern of up-regulation in cancers (5) . A varying expression level existed within the different stages of disease (Dukes A-D compared with normal), but the tendency toward higher transcript levels in tumors was unambiguous. The p value of comparing expression of hFKBP10 in tumors to expression in normal mucosa was p ϭ 0.014, giving a significant difference between the two groups (at a 5% level). The relatively few samples examined at each stage (Dukes A-D and normal) made it impossible to do reliable statistical analyses on comparison of transcript levels in individual Dukes' stages and normal mucosa. The general expression pattern in proximal tumor samples was even more varied than in the distal colon, but when comparing hFKBP10 expression in tumors to expression in normal mucosa of the same patient (paired samples), the p value was p ϭ 0.036, giving a significant difference between the two groups (at a 5% level). The relatively few samples in the proximal set of samples and the variation in expression between tumors were the reason for the somewhat higher p value in the statistical test of proximal colon normal mucosa compared with tumor.
The increased levels of hFKBP65 in very early benign lesions compared with normal mucosa leads to the suggestion that hFKBP65 may be involved in initiation of colorectal carcinogenesis, or an early response against malignant transformation. We assume that hFKBP65 may also play a role in carcinogenesis or response toward this in other cancers because preliminary studies using tissue microarrays indicated a differential expression in other cancers. As an example, we found a strong increase of hFKBP65 protein in lung cancers and sarcomas, while the protein was decreased in ovarian cancer (data not shown). Most adenocarcinomas showed an increased expression level of hFKBP65 that was independent of both stage and grade, and no protein expression was detectable in the proliferative zones of normal colon crypts of the gastrointestinal tract. Based on these findings, we conclude that expression of hFKBP65 is probably not associated with either differentiation or proliferation in general.
The high number of stromal fibroblasts positive for hFKBP65 in the colon carcinomas might indicate that hFKBP65 is involved in the response against tumor in the tumor microenvironment and, thus, could be involved in the desmoplastic reaction between stromal fibroblast and cancer cells (22) .
The phosphorylated and glycosylated 72-kDa protein as well as the nonphosphorylated and glycosylated (68 kDa) protein match the previously described results generated on mouse FKBP65 by Coss et al. (10) . In addition, human FKBP65 was characterized in this article as an N-glycosylated protein, which is also consistent with the findings on mFKBP65 by Coss et al. (10) .
Fluorescent confocal microscopy confirmed that hFKBP65 is an ER resident in COS7 cells. A z-stack of images taken through a cell showed a co-localization of hFKBP65 and the ER marker calreticulin at all layers in the z-stack while no co-localization with the Golgi marker 58K was observed. These findings are in accord with the predicted N-terminal 26-aa signal peptide, targeting the protein to the ER. Although the protein does not contain the traditional ER retention signal KDEL, it contains a modified one, HEEL (the last four Cterminal amino acids). According to Sigrist et al. (19) , this is within the new consensus for ER retention signals: [KRHQSA]-[DENQ]-E-LϾ (Ͼ denoting the C terminus of the protein) (7, 19) and matches the findings perfectly. The fact that the protein is predicted to contain four PPIase domains and are localized to ER leads us to hypothesize that hFKBP65 could be functioning as a cis/trans isomerase in the ER, assisting in protein folding. The mouse homologue, mFKBP65, has been reported to act as a chaperone to the extracellular matrix protein tropoelastin (9) in the ER.
These findings in combination with the fact that the sequences of hFKBP10/hFKBP65 and mFKBP10/mFKBP65 is very much alike (84 and 89%, respectively) leads us to conclude that the FKBP65 protein probably is highly conserved between Mus musculus and Homo sapiens.
The functional role of proteins localized to the ER is not always well described, and even less the role of these during hFKBP65 and Colorectal Cancer carcinogenesis. Several publications have focused on a cancer-associated activation of the "ER-stress pathway," mainly due to the hypothesis that alterations in the homeostasis of the ER could lead to an accumulation of unfolded proteins. As a consequence, the adaptation to ER stress will result in the activation of specific signaling pathways.
One novel mechanism of cell adaptation to ER stress proceeds through the inhibition of the apoptotic function of the tumor suppressor p53 as recently reported by Qu et al. (23, 24) . Surprisingly, calreticulin, used as an ER marker in this study, was recently described by Brunagel et al. (25) to be a multi-functional protein not only located in the lumen of the ER but also detectable in the nuclear matrix of colon cancer tissue. It may serve as a receptor for nuclear export (26) . Recently a novel protein, Leprecan-like 1 (LEPREL1) has been identified to be an ER and Golgi-network resident having four tetratricopeptide repeats (TPRs), a leucine zipper, a P-loop, a prolyl 4-hydroxylase ␣ domain (P4H␣), and a C-terminal KDEL ER-retention motif. LEPREL1 was found to be overexpressed in round cell liposarcomas (MLS/RCLS) in comparison to normal adipose tissue and its overexpression normal protein disulfide isomerase staining patterns in the ER (27) .
In conclusion, the de novo expression of hFKBP65 already in the early benign adenoma cells suggests that the molecule may play a role in early carcinogenesis. We demonstrate that hFKBP65 is a glycoprotein located in the ER and hypothesize that hFKBP65 is involved in protein folding through cic/trans isomerization activity.
The present data is an example of the use of global microarray-based gene expression to identify new genes potentially involved in cancer, followed by a more detailed characterization of the location and potential function of their encoded proteins. Hopefully, this approach will lead to a better understanding of cancer and reveal new targets for therapy.
